This paper studies the behavior of China's exports from the mid-1980s 
I. INTRODUCTION
Since the open door policy in 1978, the Chinese authorities have undertaken wide-ranging reforms of their exchange and trade systems that have steadily reduced the role of planning and increased the importance of market forces. These reforms suggest that trade may have become more market-oriented and that trade flows may have become responsive to prices. However, an empirical analysis by Brender (1992) indicated that, despite the far-reaching reforms, administrative controls still played a major role in China's foreign trade in the 1980s. Indeed, Brender found a perverse negative export supply price elasticity. He interpreted such result as reflecting the phenomenon of export value quotas, such that as the export prices declined, exporters had to export larger volumes in order to achieve the value target. We seek to update the analysis of export behavior in this paper, taking advantage of an additional decade of data and post-reform experience in China.
Quarterly quantities and values of major export commodities from China's Customs Statistics are matched with the closest related SITC code, permitting analysis of trade behavior according to different types of industries. Finally, the export equations can be tested for changes in elasticities associated with major reforms and associated with important events such as China's devaluation in 1994.
The behavior of China's exports, especially the price elasticity, is important for answering a number of questions related to China's role in initiating the Asian crisis and its response afterwards, as well as questions related to the future effects of China's accession to WTO. For example, some economists have suggested that the devaluation of the renminbi in 1994 contributed to slower export growth in China's Asian competitors, which itself contributed to the Asian crisis (see Bhalla, 1998) . Of course, the weight of this argument is reduced if China's export volume are unaffected or perversely affected by prices. Export elasticities thus play an important role in addressing these questions and their policy implications.
II. KEY EXPORT REFORMS
China's economy has become substantially more open as a consequence of a program to reform the foreign trade system, begun in 1978. 1 Key reforms took place in several stages, mainly in 1984-85, 1988, 1991, and 1994 . They included a reduction and eventual elimination of mandatory export planning, an increase in foreign exchange retention quotas, and access to Foreign Exchange Adjustment Centers (FEACs) at a more depreciated marketdetermined exchange rate (the "swap rate"). The reforms are expected to have made exports more responsive to market prices.
At the start of the reforms in 1978, almost all trade was carried out through 12 foreign trade corporations (FTCs), which were responsible for implementing China's central plan. Exporters supplied targeted quantities to the FTCs for export and all foreign exchange receipts were surrendered to the central bank at the official exchange rate. Each province was assigned contractually determined foreign exchange targets which, in turn were disaggregated and allotted as targets to the provincial trading companies. The FTCs were often not free to determine the goods that were exported or the procurement price, and thus frequently incurred export losses. Losses on mandatory exports were subsidized by the central government until the abolition of export subsidies in 1991.
Mandatory export planning was sharply reduced in a series of steps. Under the 1984 reforms, about 60 percent of exports fell under a mandatory plan, an additional 20 percent were assigned as value targets to the provinces, and the remainder were nonplan exports. The value targets were often converted into mandatory export plans with fixed quantities and prices in the provinces. For mandatory exports, the procurement price by the FTCs was fixed and target quantities were assigned to the producing enterprises. For nonmandatory exports, procurement prices by the FTCs depended on how the provinces decided to meet the value targets and on the negotiating position of producing firms vis-à-vis the procuring FTC. The agency system, under which FTCs acted as agents of the enterprises, was much more prevalent for imports than for exports. Given the large share of mandatory exports, most export transactions were routed through designated FTCs so that it is likely that even with these reforms, there was no close systematic relationship between relative prices and export volumes. Mandatory export planning was sharply reduced from 1988 and was abolished in 1991, which-combined with the elimination of export subsidies-led to increased competition among FTCs and better prices for export suppliers.
Access to and retention of foreign exchange was also liberalized gradually. In early 1984, local governments were granted the right to retain a share of the foreign exchange earned in their region and, by early 1985, this was extended to exporting enterprises. Retained foreign exchange could be sold or used for imports. In 1988, all enterprises eligible to retain foreign exchange, including state-owned and collectively-owned enterprises, were allowed to sell it at FEACs at a weighted average of the official exchange rate and the swap rate.
2 The weights were determined by the size of the foreign exchange retention ratio. In addition, to encourage exports, retention quotas were increased significantly in 1988 and 1991 for enterprises that exceeded their targets and for priority sectors. The retention rate was also raised for higher domestic value-added products. However, retained foreign exchange was distributed between the producing enterprise and the FTC handling the export transaction with shares that varied from region to region and by type of good. The 1988 reforms were a major step in increasing the responsiveness of exports to relative prices. However, the increase in the retention quota may not itself have provided significant export incentives, unless the FTCs passed on these benefits to the enterprises through higher prices. In 1994, the retention quota system was abolished.
The exchange rate was unified at the prevailing swap-market rate in January 1994, which led to a depreciation of the official exchange rate of about 50 percent (implying an effective devaluation of about 7 percent). The unification of the exchange rate likely had a greater effect on export performance of domestic enterprises-which had faced an exchange rate which was a weighted average of the official exchange rate and the depreciated swap raterather than the FFEs, which had not been subject to retention quotas.
In summary, the liberalization of the trade and exchange system can be expected to have made exports significantly more sensitive to market signals over the last two decades. In addition, the rapid growth of foreign financed enterprises-which were also subject to much more liberal trade and exchange regulations than domestic enterprises-and a steady rise in the share of manufacturing goods in exports could be expected to have increased the price elasticity of exports.
3 These will, of course, have been reinforced by China's domestic reforms, including the liberalization of domestic prices, the steady growth in the role of the collectives and private enterprises, and-particularly in most recent years-growing efforts to reform the SOEs and the banking system.
III. EXPORT UNIT VALUES AND VOLUMES
Quarterly unit prices and volume indices have been constructed for aggregate exports and for exports by one-digit SITC classification. Given that the reported customs statistics periodically introduces or eliminates some of the major export commodities, two sets of indices have been constructed. First, the group of commodities that are available for the entire period from 1985:4 to 2001:4 comprises the "balanced data set." The second data set contains all commodities for which both quantity and values are reported, regardless of their beginning and ending date. The second set provides a more accurate reflection of the composition of trade, while the first set reduces the errors associated with volatile reporting of some commodities. For both data sets, customs statistics reports some of the commodities broken into sub-groups of products. In order to avoid double counting a particular commodity, either the aggregate commodity or its subcomponents, but not both, are included in the sample depending on which provides the most information. However, for a few cases, the aggregate commodity and its sub-components are used for different parts of the sample to increase the length of data availability. where i denotes a major export commodity. The Laspeyres price index is a weighted arithmetic average of the price relatives, where the initial period quantities provide the weights. Similarly, initial period prices provide weights for calculating the Laspeyres quantity index. Updating the weights through chain linking helps reduce biases associated with the introduction of new commodities in the reported export set and with the tendency for initial period prices or volumes to become progressively less relevant to the economic situation of later periods. This study uses quarterly chain linking, with the previous quarter used as the base for the price or volume weights. A commodity is used in the Laspeyres index calculation only if the price and quantity of the commodity are available for the quarter of the calculation and the previous quarter (required for the weights). This procedure ensures that the same set of export commodities are used in calculating the numerator and denominator of the Laspeyres index for a given quarter. In a few cases, an item was excluded from the set of commodities used to calculate a particular quarter if there was a break in the reporting definition of that item, or if the data appeared to be an extreme outlier indicative of error in the reported statistics.
The Laspeyres quantity and price indices are presented for the complete export data and by one-digit SITC aggregate in tables at the end, before seasonal adjustment. The balanced data comprises about 16 percent of total export trade in 2001, while the set of all reported key export commodities comprises more than half of total export trade. For the latter, the sampling ranges from 29 percent for SITC 5 to 95 percent for SITC 3. Prices for manufactured goods have risen more than those for primary products. The volume of export trade in manufactured goods, especially of SITC 7, has surged over time.
IV. MODEL AND ESTIMATION METHODOLOGY
The supply function of exports is represented as follows (in logs): The supply of exports in an economy driven by market incentives depends positively on the price at which these goods can be sold in foreign markets (β i1 >0). If exports are priced in the consumer's currency, then the price received by the exporter in domestic currency will fall as the exchange rate appreciates, which will reduce the incentive to supply (β i2 <0). As the price at which the export good can be sold in the domestic market-proxied by the consumer price index-increases, the incentive should be to switch supply from the foreign to the domestic market (β i3 <0). Domestic credit proxies for the availability of enterprise financing, and thus should support export supply(β i4 >0). Export supply should also rise with the capacity of the Chinese economy to produce goods and services-proxied by the industrial production index (β i5 >0).
The demand function for exports can be represented as follows (in logs): The demand for Chinese exports should depend inversely on the price at which the Chinese good is sold in the international market (γ i1 <0). Demand for Chinese exports should increase as the price of competitor goods in the world market rises and as world income-and thus world demand for imports-grows (γ i2 >0 and γ i3 >0).
A key question is whether reforms that introduced market incentives in China have had an observable effect on the behavior of export suppliers. Thus, our principal interest is to test whether the coefficients in the supply equation-especially the price elasticities-are consistent with economic theory. However, export prices are endogenous. We consequently employ two-stage-least-squares in order to identify the supply equation, using all of the exogenous variables in the system of equations (1) and (2) as instruments. In panel estimations, we use weighted two-stage-least-squares with fixed effects.
There are several sets of data on which to estimate equation (1). These include: (i) the Laspeyres volume and unit price indices for the balanced data and the full list of commodities for aggregate exports, (ii) for exports by one-digit SITC, and (iii) the panel of individual key export commodities.
V. RESULTS
The export supply equation was estimated using the various sets of data, with the endogenous export price index on the right-hand side of the equation. The exogenous variables consisted of the nominal exchange rate, the domestic price index, and domestic credit to sectors other than the central government.
5 Other instruments consisted of the corresponding world export price index (representing competitors' prices), and world real GDP.
The results for two-stage-least-squares regressions using the aggregate price and quantity indices are consistent with the expectation that China's program of external sector reforms have increased market incentives and encouraged export suppliers to respond to market price signals. In particular, the price elasticity of supply changed from a perverse negative sign over the entire sample period beginning in 1985, to an increasingly positive (and eventually significant) sign as the sample period has become more recent ( Table 1 ). The negative price elasticity in earlier periods is consistent with the value targets used in the mandatory export planning. As export prices rose, firms and local governments could fulfill the export value target at lower volumes. As reforms proceeded and the firms were increasingly permitted to retain the benefits from their exports, higher export prices began to stimulate supply. The results are most striking for the data set that includes all of the reported key commodities, as the price elasticity of supply changed from -1.0 to 4.5 in the sample periods 1985:4-2001:4 and 1991:1-2001 :4, respectively. The pronounced effect on the all-data sample likely reflects the increasing proportion of manufactured goods that only began to be reported in recent years. The other two price variables (the nominal exchange rate and domestic price index) have the expected signs for all sample periods, but the elasticities increase in more recent periods, which is also suggestive of a greater response to market prices. Domestic credit has the expected sign for all sample periods and its elasticity has been more stable.
The results using panels of industry-level indices are decidedly more mixed (Table 2 ). In addition to the aggregate quantity and unit export indices discussed above, a five component panel of industry level indices for primary products (SITC categories 0-4) and a four component panel of industry level indices for manufactures (SITC categories 5-8) were tested. The results for the manufacturing industries using the data set of all commodities had the expected signs for all of the independent variables and all of the sample periods, and the coefficients were significant at the 1 percent level for sample periods 1988: 1-2001:4 and 1991:1-2001:4 . However, coefficients on export prices, the exchange rate, and the domestic price index are frequently of the wrong sign (relative to signs that would be expected if suppliers were responding to market price signals) for the regressions using manufacturing industries composed only of the commodities in the balanced data set and for the regressions using primary product industries. The more market-like behavior of the manufacturing industries is not unexpected, given that these industries consisted of a greater proportion of foreign-financed firms, which had not been subject to as strict planning and foreign exchange retention quotas as had the domestic firms.
Perverse and significant signs on export prices and the domestic price index were also found using a disaggregated panel of individual commodities (Table 3) , although the coefficients on the exchange rate and domestic price index were generally correct. The incorrect signs on the prices, especially in the later sample periods, could cast some doubt on the results in Table 1 indicating that the export suppliers began responding to market incentives. However, another interpretation is probable. The export prices for key export commodities are constructed from the values and quantities reported in the Chinese customs statistics (price=value/quantity). Some of the quantity data in the customs statistics are rounded to a very crude level. These rounding errors and any other errors in the reporting of quantities would introduce negative correlation between export quantities and export prices. It is likely that such errors generate greater bias for individual commodities than for the aggregate export price and quantity indices, since in the latter case, the errors of individual items may offset each other. The use of panel data greatly increases the power of the estimation, leading to much more significant results. However, it can also increase the power around a biased result. Such an interpretation would thus suggest that the results of Table 1 based on aggregate export indices may be more reliable.
VI. CONCLUSIONS
The results from the large panels of individual export commodities and small panels of onedigit SITC industries are somewhat mixed, but the interpretation of the perverse coefficient signs in some of these regressions is clouded by the possibility of data biases. However, regressions using aggregate export price and quantity indices clearly indicate that export suppliers have increasingly behaved according to predictions of economic theory based on a market economy. In particular, the price elasticity of supply has become positive and has increased over time, paralleling reforms in 1988 and 1991. This finding does not necessarily lend support to the hypothesis that the large devaluation of the official exchange rate in 1994 contributed significantly to the Asian crisis. Most exporters faced a weighted average of the official and "swap" market rates, which was only devalued by around 7 percent. Indeed, the weighted average rate of the renminbi relative to the US dollar had depreciated over the 1980s and early 1990s and this trend depreciation was in fact arrested following the unification of the exchange rates in 1994. Thus, the hypothesis that Chinese devaluations contributed to the Asian crisis in 1997 appears speculative given the lengthy lags that would be required to generate such an outcome. However, the results of the estimation on aggregate indices do point to the increased market behavior of Chinese exporters, which suggests that these firms are likely to respond to price signals going forward.
DATA SOURCES AND ISSUES:
Quarterly data from 1985:4 to 2001:4 is obtained from China's Customs Statistics, which is edited by the General Administration of Customs of the People's Republic of China and published by the Economic Information and Agency, Hong Kong. Real industrial production is from the State Statistical Bureau's China Latest Economic Indicators. Domestic credit to sectors other than the central government and the consumer price index are from the IMF's International Financial Statistics. World prices for exports by one-digit SITC code in US dollars are taken from the United States Bureau of Labor Statistics, except for SITC 4, which was unavailable and was proxied by the dollar price of sunflower oil reported by the U.N.
The bilateral US Dollar-Yuan nominal exchange rate is the inverse of line rf from the IMF's International Financial Statistics. However, it has been estimated that, following the reforms of 1988 (which led to increased access to the FEACs) about 50 percent of the foreign exchange transactions occurred at the swap rate, and this share increased to about 80 percent in the early 1990s. Therefore, the exchange rate has been calculated as a weighted average of the swap and the official exchange rates. The weight for the swap rate varies, based on the estimated share of transactions at that rate. For the period prior to 1988, the official exchange rate is used. The move to a unified exchange rate in January 1994 led to a depreciation of the official exchange rate vis-à-vis the U.S. dollar of some 50 percent, but the weighted exchange rate depreciated by less than 7 percent.
The world GDP index is constructed using quarterly real GDP data from World Economic Outlook for China's twenty main export destinations. A country's GDP data was weighted according to its share in China's export trade. However, entrepôt trade through Hong Kong SAR influences the share of partner countries' trade with China, and has been identified as a key factor in the divergent estimates of the U.S.-China bilateral trade deficit as reported by China compared with the United States. The U.S. Department of Commerce records reexports of goods of Chinese origin from Hong Kong SAR as U.S. imports from China. Until 1993, however, China recorded these reexports as Chinese exports to Hong Kong SAR rather than to the United States. Although the accounting of its exports by final destination is still not completely accurate, since 1993 China has attempted to identify its exports by final destination and improve its trade statistics. Trade weights were thus adjusted for entrepôt trade through Hong Kong SAR. Consequently, the trade weight of Hong Kong SAR in the revised estimates is considerably smaller, with an increase in the weights of other partner countries. Trade weights were also adjusted to capture the effects of third-market competition. The weights for countries that compete with China's exports in third markets were adjusted for the degree of correlation between the commodity composition of China's manufacturing exports and manufacturing exports from the competing countries. As a consequence of the adjustment for third market competition, the weights of trading partners in Asia, excluding Japan, are larger in the revised estimates. Following these changes, Indonesia, Korea, Malaysia, Singapore and Taiwan Province of China have a combined weight of 22 percent compared with around 9 percent in the unadjusted estimates.
6
The data frequency for all variables is quarterly. China export commodity prices and volumes, real industrial production, and the consumer price index were seasonally adjusted using the Census X-11 filter before including in regressions. 
